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Sir, 

Applicant herewith submits an amendment and substitute specification in the 
above-referenced PCT application, and respectfully requests entry of same prior to 
examination in the United States National Examination Phase. 



IN THE SPECIFICATION 

Cancel the specification as filed and substitute therefore substitute specification 
provided herewith. 

-1- 



09/720283 

JC01 Rec'd PCT/PTO 2 1 DEC 2000 

IN THE CLAIMS 

Cancel claims 1 - 9 as filed and substitute therefore new claims 10 -19 as 
follows: 

10. A method for dynamic bandwidth assignment in an ATM 
transmission system having a hub station and at least one remote station in 
communication with each hub station, the method comprising the steps of: 

acquiring local fill data which reproduces states of buffers in each remote station; 
forwarding the fill data to the hub station; 

calculating bandwidth parameters in each remote station for a transmission from 
another remote station to the hub station as a function of the fill data; and 

assigning the calculated bandwidth parameters to each remote station. 

1 1 . The method of claim 1 , wherein the step of calculating comprises 
calculating MAC parameters and assigning them to each remote station. 

1 2. The method of claim 2, wherein the step of calculating further comprises 
using predetermined connection or transmission parameters which reproduce actual 
current characteristics of the air interface. 

1 3. The method of claim 1 2, further comprising the step of using the fill data 
to provide information on a frequency with which a predetermined fill of the buffer to 
each remote station has been exceeded within a past period. 



14. The method of claim 13, further comprising the step of storing the 
calculated bandwidth parameters for a number of cycles. 

1 5. An ATM system comprising a hub station and at least one remote station 
in communication with the hub station via an air interface, the system comprising: 

a buffer in each remote station, the buffer capable of dispatching data therefrom; 

a control channel in each remote station, the control channel capable of sending 
fill data which reproduces the state of the buffer of a remote station to the hub station; 
and 

an arithmetic unit capable of calculating bandwidth parameters for each remote 
station at least as a function of the fill data, whereby the hub station assigns bandwidth 
parameters to each remote station via the control channel. 

1 6. The ATM system of claim 1 5, wherein the arithmetic unit calculates MAC 
parameters and the hub station assigns the parameters to each remote station. 

17. The ATM system of claim 16, wherein the arithmetic unit calculates 
bandwidth or MAC parameters based upon predetermined connection or transmission 
parameters which reproduce current characteristics of the air interface. 

18. The ATM transmission system of claim 17, wherein the fill data provides 
information on a frequency with which a predetermined fill of the corresponding buffer 
has been exceed with a past period. 
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1 9. The ATM transmission system of claim 1 8, wherein the hub station 
comprises a circular buffer for storage of bandwidth parameters of a number of cycles 
accessible by the arithmetic unit in order to achieve a predetermined regulation 
characteristic of the bandwidth assignment. - - 

IN THE ABSTRACT 

Cancel the Abstract as filed and substitute therefore the following Abstract of the 
Disclosure: 

- - ABSTRACT OF THE DISCLOSURE 
An ATM (asynchronous transfer mode) method and system for dynamically assigning 
bandwidth on the common air interface, based upon connection parameters, actual 
buffer levels of remote stations, the transmission characteristics of the radio range, and 
strategies for assessing charges. The bandwidth is assigned so that the transmission 
volume of ATM conformal traffic in the uplink direction of wireless point-to-multipoint 
configurations is optimized while taking these configurations and common boundary 
conditions into consideration. The method provides a central station and at least one 
remote station which can communicate with the central station over a common air 
interface. Each remote station comprises a buffer for data to be transmitted. Each 
remote station transmits level data which emulates the state of the buffer of the 
respective remote station to the central station via a control channel. The central 
station comprises an arithmetic unit which calculates the bandwidth parameters for the 
individual remote station at least according to the transmitted level data. The central 
station then assigns the bandwidth parameters to the individual remote stations over 
the control channel. - - 
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REMARKS 

A substitute specification is provided herewith which makes editorial changes in 
order to conform to standard US patent practice. A marked-up copy of the specification 
is herewith provided reflecting the changes made. 

In addition, the claims have been amended to more clearly set forth the subject 
matter of Applicant's invention. 

Applicant submits that this application is in proper condition for examination in 
the United States National Examination Phase, which action is respectfully requested. 



Respectfully submitted, 

Steven H. Noll (Reg. No. 28,982) 

SCHIFF, HARDIN & WAITE 
Patent Department 
6600 Sears Tower 
233 South Wacker Drive 
Chicago, IL 60606 
Telephone: (312)258-5790 
Attorneys for Applicant 
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Substitute Specification 

- -Dynamic Bandwidth Assignment In An ATM Transmission System 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to ATM (asynchronous transfer mode) 
transmission systems. In particular, the present invention relates to dynamic bandwidth 
assignment in ATM transmission systems. 
Discussion of the Related Art 

For certain applications in wireless transmission technology, point-to-multipoint 
configurations are the most economic solution from the point of view of equipment. In 
this configuration, a hub station can communicate with a number of so-called remote 
stations, typically situated in a cell, in full duplex mode via an air interface. In this 
arrangement, a two-point channel on a single transmission medium is adequate even in 
the uplink, i.e. from the various remote stations to the hub station. The transmission 
bandwidth of this channel is physically limited in correlation with the frequency spectrum 
provided. In each case a number of logical channels are made available for communi- 
cation between a certain remote station and the central hub station by multiplexing this 
two-point channel. 

The total bandwidth of the physical channel can be distributed asymmetrically 
and, in accordance with demand aspects, dynamically to the logical channels by means 
of so-called asynchronous methods, such as asynchronous transfer mode (ATM). For 
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this distribution, criteria must be used in accordance with which the bandwidth 
requirement of a certain remote station can be weighted with respect to the competing 
requirement of other remote stations. The more accurately the bandwidth requirement 
can be met, the more economically the physically limited bandwidth will be for 
communication purposes. 

The conditions under which the problem of dynamic bandwidth allocation is 
created have become apparent in recent times. In particular, this problem exists in the 
uplink, which can be a bottleneck at the central hub station in the point-to-multipoint 
configuration. The prerequisite for achieving the highest possible gain in throughput are, 
among other things, a mixture of various classes of traffic and the largest possible ratio 
between remote stations and hub stations referred to the physical bandwidth per cell. 
From the point of view of the operator, a charging structure predominantly oriented 
toward data volume actually conveyed instead of the bandwidth made available proves 
to be competitive. 

In summary, these conditions can be overcome by introducing ATM-based 
transmission in the so-called "fixed wireless broadband access" segment. With respect 
to the wireless domain, ATM offers the best solution with respect to bandwidth limitation 
on the air interface, which can only be countered by reducing the size of the radio cells, 
in contrast to alternative transmission technologies and other network areas. 

Therefore, the present invention answers the question of how the total 
throughput of ATM traffic can be optimized in a simple manner by means of a dynamic 
bandwidth allocation for the logical channels. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method and system for 
dynamic bandwidth assignment in an ATM transmission system. 

It is another object of the invention to provide a method and system for 
calculating media access control (MAC) parameters in a hub station and assigning 
them to individual remote stations. 

It is a further object of the invention to provide a method and system for 
reproducing the frequency when a predetermined fill relating to a corresponding buffer 
has been exceeded via a remote station within a past period. 

It is yet another object of the invention to provide a method and system for 
calculating bandwidth parameters that can be temporarily stored for a number of cycles 
in order to be able to achieve a predetermined regulation characteristic. 

These and other objects of the invention will be apparent upon careful review of 
the following disclosure, which is to be read in conjunction with review of the 
accompanying drawing figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a block diagram of an ATM transmission system according to the 
present invention; 

Figure 2 shows a flowchart of the acquisition, calculation and assignment 
process according to the present invention; and 

Figure 3 shows an exemplary embodiment of a modulator and a demodulator 
according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention will now be explained in greater detail with reference to exemplary 
embodiments and to the accompanying drawing figures of the drawings. 

The general configuration of an ATM system according to the invention is shown 
in Figure 1 . Figure 1 shows two remote stations 1, 2 and one hub station 3 of an ATM 
(asynchronous transfer mode) transmission system. The remote stations can 
communicate with the hub station in each case via an air interface 4. The remote 
stations can also communicate with the hub station in each case via a bidirectional 
control channel 13, 13' apart from the actual transmission channel 14, 14'. In contrast to 
the actual data transmission channels 14, 14', the bidirectional control channel 13, 13' 
is used for transmitting control information which can contain bandwidth parameters 
and MAC parameters. 

Each remote station 1 , 2 has a buffer 5 for data to be sent out therefrom, which 
is connected to a modulator 6 which modulates the data of the buffer 5 to a carrier 
frequency in accordance with a predetermined modulation method. In this arrangement, 
a controller 7 which, on the one hand, can set the modulator 6 and the demodulator 8 
to certain parameters and, on the other hand, can read certain parameters such as fill 
values of the buffer 5, in particular from buffer 5, is connected to the buffer 5, the 
modulator 6 and a demodulator 8. 

At the hub station 3, an arithmetic unit/controller 10 connected to the modulator 9 
and the demodulator 1 1 , which is also connected to a circular buffer 1 2 in which values 
of bandwidth parameters of a number of calculation and assignment cycles can be 
temporarily stored. 
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Due to the network characteristic, the data needed for bandwidth control are 
initially made available and distributed in space, in the remote stations 1, 2. After their 
local decentralized acquisition in the remote stations 1, 2. The data is combined in a 
centralized decision entity which is resident in the hub station 3 due to the arithmetic 
unit/controller 10. 

A decisive factor for an ATM-conformal function is that suitable parameters for 
describing the buffer fills are needed. These parameters will be called "threshold 
crossing events" (TCE) herein. The TCE parameters are inseparably accompanied by 
a certain organization of the ATM traffic and values derived from these TCE 
parameters, which are called "urgency descriptors" (UD), are combined with the 
connection parameters agreed in the traffic contract and with the parameters which 
characterize the transmission performance of the radio link. The prerequisite for this is 
that the local buffer output at the remote stations 1, 2 can be controlled and is 
deterministic in its behavior. Using suitable algorithms, values are derived on the basis 
of the abovementioned parameters, which characterize the allowed proportion of 
bandwidth in the uplink, i.e. from the respective remote station 1 , 2 to the hub station 3. 

These basic values also describe the manner in which the transmission medium 
can be accessed (MAC descriptor, MAC parameters, etc.). These basic values are 
conveyed from the central arithmetic unit/controller 10 in the hub station 3 to the local 
control entities controllers 7 in the remote stations 1 , 2 so that the necessary 
adjustments to the buffer management and to the modulators 6 can be carried out 
there. In this process, block retransmission requests are also taken into consideration 
which compensate for errors in the transmission of non-real-time data, and the 



overhead for special coding methods which are used for conveying real-time data as a 
function of the environmental conditions. Correspondingly, the demodulator 1 1 is then 
also set at the hub station 3. Since these adjustments must be made in alignment with 
one another in time, a certain sequence is ensured via the exchange of 
acknowledgements via the bidirectional control channel 13, 13'. These data are 
exchanged via permanent bidirectional control channels 13, 13' between the remote 
stations 1 , 2 and the central hub station 3. 

Referring to Figure 2, the sequence for acquiring fill parameters, and of the 
calculation and assignment of bandwidth parameters will now be explained. Firstly, the 
threshold crossing events (TCEs) are acquired locally in the remote stations 1 , 2 in a 
step S1. From these TCEs, urgency descriptors (UD) are then determined in a step S2 
and transmitted to the hub station 3. In a step S3, the hub station 3 calculates from 
these and other parameters bandwidth parameters for the logical channels (logical 
channel bandwidth values, LCB) and the MAC descriptors and transmits them back to 
the controllers 7 of the remote stations 1 , 2. When the newly assigned bandwidth (LCB) 
is smaller than the previously set bandwidth, new queue weight factors are set in the 
remote stations 1, 2 in a step S4, which factors are a final result of the calculations and 
are indirectly used for setting the cell rates at the interface between buffer and 
modulator. In a step S5, the modulator is then set for a bandwidth release and a 
confirmation is transmitted to the hub station 3 via the bidirectional control channel. 

The hub station 3 then transmits a ready message for use of the new bandwidth 
parameters (LCB) back to the remote stations 1 , 2 in a step S6. In a step S7, the 
modulator 6 of a remote station is then set for a bandwidth occupation if the new 
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bandwidth parameter for the corresponding remote station 1, 2 is greater than the old 
bandwidth parameter (LCB). The new queue weight factors (QWF) are then also set 
correspondingly (step S8). 

The data generated in the remote stations 1, 2 includes: threshold crossing 
events (TCE) which indicate that a certain fill has been exceeded in the past period 
relating to individual queues or a group of queues within a buffer; urgency descriptors 
(UD) which are derived from the threshold crossing events (TCE) and the classes of 
traffic associated with the queues, thereby representing a condensation of information 
which is aimed for simple comparability; and queue weight factors (QWF) which are the 
final results of calculations and are indirectly used for setting the cell rates at the 
interface between buffer 5 and modulator 6. 

The following data are generated In the hub station 3: connection parameters as 
part of a so-called traffic contract, the observance of which must be ensured in every 
case, such that when a connection is newly set up, these can produce an additional 
bandwidth request which can make it necessary to displace lower-value traffic of 
adjacent remote stations; logical channel bandwidth values which describe the 
bandwidth granted to a connection from a remote station 1 , 2 to the hub station 3, 
which in order to achieve a certain regulation characteristic, these values are saved 
over a number of cycles in a circular buffer 12 which can be accessed by the arithmetic 
unit/controller 10 of the hub station 3; environmental condition descriptors which 
describe the current actual transmission characteristic of the air interface 4, and the 
error protection methods selected as a function of this have an influence on the 
bandwidth needed; configuration data, for example "encryption over the air", which can 
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have an influence on the bandwidth needed; and weight factors derived from charging 
strategies for determining the bandwidth parameter values for the logical channels. 

Figure 3A shows an actual implementation of a modulator and a demodulator 
which can be used in the present invention. The design shown in Figure 3A can be 
used in various switch configurations and with modulators/demodulators which may be 
different and both in the remote station as in the hub station. A mixed FDMA/TDMA 
method, for example, is of advantage as radio transmission technique for the air 
interface 4. 

The arrangement can be implemented on the surface of two boards equipped on 
one side or one board equipped on both sides. For the purpose of integration in the 
ATM switch 36140/144 shown, a connection to the backplane busses (cell bus 
technology) is provided additionally on the modulator side (MOD) in addition to coupling 
the local power supply unit (PSU) to the centralized power supply of the switches. For 
this purpose, so-called FPGAs and the CUBIT-Pro components by the Transwitch 
company are used which are here collectively called "bus interface to cell bus and 
control bus". The cell buffer for the non-real-time traffic or the ATM traffic to be shaped 
is constructed with SDRAMs. The rule-based buffer management is carried out with the 
aid of the Siemens HL standard component ABM (PXB 4330) which is controlled 
centrally via its local bus connection. This component additionally has a direct interface 
(Utopia) with the modulator/demodulator unit and the bus interface to the cell bus for 
the ATM user traffic. However, in real life ATM user traffic can be forwarded between 
these interfaces directly via an internal bypass, i.e. by bypassing the buffer, as shown in 
Figure 3B. Because of its high power dissipation, the modulator/demodulator unit is 
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taken into consideration under special requirements for the EMC compatibility, 
particularly in configuration technology. It is centrally controlled via a logical control 
interface. To control the components involved and the ATM traffic, the so-called 
voyager processor by the Motorola company is used which is connected to the 
components via its standard interfaces (Utopia, local bus, serial interface). 

Thus, according to the present invention, the bandwidth at the air interface is 
dynamically assigned on the basis of connection parameters, current buffer fills, the 
transmission characteristics of the air interface and charging strategies, in such a 
manner that the transmission volume of ATM-conformal traffic in the uplink of wireless 
point-to-multipoint configurations is optimized, taking into consideration these and other 
boundary conditions. Following the ATM layer model, this can be considered to be 
motivated as a control of characteristics of the physical layer from the ATM layer. 

Therefore, the ATM transmission system, comprising a hub station and at least 
one remote station, can communicate with the hub station via an air interface. In this 
arrangement, fill data which reproduce states of buffers in the remote stations are 
acquired locally in the remote stations. The fill data are forwarded to the hub station. In 
the hub station, bandwidth parameters are centrally calculated in each case for the 
individual remote stations as a function of at least the fill data. After that, the calculated 
bandwidth parameters are assigned to the remote stations for a transmission from the 
corresponding remote station to the hub station (uplink). Each remote station can 
convey fill data, which reproduce the state of the corresponding buffer of the respective 
remote station, to the hub station via a control channel. The arithmetic unit located in 
the hub station calculates bandwidth parameters in each case for the individual remote 



stations at least as a function of the conveyed fill data. The hub station then assigns the 
bandwidth parameters to the remote stations via the control channel. 

The arithmetic unit can also calculate media access control (MAC) parameters, 
the hub station also assigning the MAC parameters to the remote stations in this case. 

In addition, the arithmetic unit can calculate bandwidth parameters and/or MAC 
parameters based upon predetermined connection parameters and/or transmission 
parameters which reproduce the actual current characteristic of the air interface. The 
bandwidth parameters and/or MAC parameters can be calculated taking into 
consideration predetermined connection parameters and/or transmission parameters 
which reproduce the actual current characteristic of the air interface. 

Although modifications and changes may be suggested by those skilled in the art 
to which this invention pertains, it is the intention of the inventors to embody within the 
patent warranted hereon all changes and modifications that may reasonably and 
properly come within the scope of this invention.- - 
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{Description} [Substitute Specification] 

{Dynam i c bandwidth ass i gnment in an ATM transm i ssion system} [- -Dynamic 
Bandwidth Assignment In An ATM Transmission System 

BACKGROUND OF THE INVENTION 

Field of the Invention] 

The present invention {relates to a method and to an ATM transmission system 
wh i ch provide for} [generally relates to ATM (asynchronous transfer mode) 
transmission systems. In particular, the present invention relates to] dynamic 
bandwidth assignment {between a hub station and at least one remote station of an 
ATM transmission system.} [in ATM transmission systems. 
Discussion of the Related Art] 

For certain applications in wireless transmission technology, point-to-multipoint 
configurations are the most economic solution from the point of view of equipment. In 
this configuration, a hub station can communicate with a number of so-called remote 
stations, typically situated in a cell, in full duplex mode via an air interface. In this 
arrangement, a two-point channel on a single transmission medium is adequate even in 
the uplink, i.e. from the various remote stations to the hub station. The transmission 
bandwidth of this channel is physically limited in correlation with the frequency spectrum 
provided. {A} [In each case a] number of logical channels {which} are { i n each case} 
[made] available {dedicated for the commun i cation} [for communi-cation] between a 
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certain remote station and the central hub station {are set up} by multiplexing this 
two-point channel. 

The total bandwidth of the physical channel can be distributed asymmetrically 
and, in accordance with demand aspects, dynamically to the logical channels by means 
of so-called asynchronous methods {(ATM -} [, such as] asynchronous transfer mode 
fft[(ATM)]. For this distribution, criteria must be used in accordance with which the 
bandwidth requirement of a certain remote station can be weighted with respect to the 
competing requirement of other remote stations. The more accurately the bandwidth 
requirement {found in this manner} can be met, the more economically the physically 
limited bandwidth will be {utilized} for communication purposes. 

The conditions under which the problem of dynamic bandwidth allocation is 
created have become apparent in recent times. [In particular, this problem exists in 
the uplink, which can be a bottleneck at the central hub station in the 
point-to-multipoint configuration.] The prerequisite for achieving the highest possible 
gain in throughput are, among other things, a mixture of various classes of traffic and 
the largest possible ratio between remote stations and hub stations referred to the 
physical bandwidth per cell. From the point of view of the operator, a charging structure 
{which is} predominantly oriented toward {the} data volume actually conveyed instead of 
the bandwidth made available {permanently must prove} [proves] to be competitive. [ 

]ln summary, these conditions {would} [can] be {met} [overcome] by introducing 
ATM-based transmission in the so-called *fixed wireless broadband access* segment. 
With respect to the wireless domain, ATM {profits part i cu l ar l y from the phys i cally 
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insurmountab l e} [offers the best solution with respect to] bandwidth limitation on the 
air interface, which can only be countered by reducing the size of the radio cells, in 
contrast to alternative transmission technologies and other network areas. 

{T-tre} [Therefore, the] present invention {has the object of solvin g the problem) 
[answers the question] of how the total throughput of ATM traffic can be optimized in 
a simple manner by means of a dynamic bandwidth allocation for the logical channels. 

{This problem exists, in part i cular, in the uplink, an esp eciall y p r obab le 
bottleneck at the central hub station in the point-to -multipoint confiqurattof j^ 
[SUMMARY OF THE INVENTION! 

{According to} [It is an object of] the present invention {, the object is achieved 
by a method or, respectively, an ATM transmiss i on system having th e features of th e 
independent claims. The dependent c l aims deve l op the central concept of the invention 
i n a particu l arly advantageous manner. 

According to the invention, ther e fore, a method} [to provide a method and system ]for 
dynamic bandwidth assignment in an ATM transmission system {is prov i ded, the ATM 
transmission system exhibiting a hub station and at least one remote station wh i ch can 
communicate with the hub station via an air interface. In this arrangement, fill data 
which reproduce states of buffers i n the remote stat i ons are acquired loca l ly in the 
remote stations. The fill data are forwarded to the hub stat i on. In the hub station, 
bandw i dth parameters are central l y ca l cu l at e d in each case for the individual remot e 
stations as a function of at least the f il l data. After that, the calculated bandwidth 
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parameters are assigned to the remote stat i ons for a transmiss i on from the 
corresponding remote station to the hub stat i on (uplink).} [. ] 

{The hub station can a l so calculate} [It is another object of the invention to 
provide a method and system for calculating] media access control (MAC) 
parameters [in a hub station] and {assign} [assigning] them to {the} individual remote 
stations. 

{The bandwidth parameters and/or MAC parameters can be calculated taking 
into consideration predetermined connection parameters and/or transmiss i on 
parameters which reproduce the actual current character i st i c of the air interface. 
The fi l l data can reproduce the frequency with which} [It is a further object of the 
invention to provide a method and system for reproducing the frequency when] a 
predetermined fill {of the} [relating to a] corresponding buffer has been exceeded via a 
remote station within a past period. 

{The calculated} [It is yet another object of the invention to provide a method 
and system for calculating] bandwidth parameters [that] can be temporarily stored for 
a number of cycles in order to be able to achieve a predetermined regulation 
characteristic. 

{Accord i ng to the invention, an ATM transmission system comprising a hub 
station and at least one remote station which can communicate w i th the hub station v i a 
an a i r interface is also provided. In th i s arrangement, each remote station exhib i ts a 
buffer for data to be sent out. Each remote station can convey f ill data, which reproduce 
the state of the corresponding buffer of the respect i ve remote station, to the hub station 
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via a control channe l . The hub station exh i bits an ar i thmetic unit wh i ch calculates 
bandwidth parameters i n each case for the individual remote stat i ons at least as a 
function of the conveyed fi l l data. The hub stat i on then assigns the bandwidth 
parameters to the remote stations v i a the control channel.} [These and other objects 
of the invention will be apparent upon careful review of the following disclosure, 
which is to be read in conjunction with review of the accompanying drawing 
figures. ] 

{The arithmetic un i t in the hub station can add i tionally calculate media access 
control (MAC) parameters, the hub station also assign i ng the MAC parameters to 
the remote stations i n this case r 
The arithmetic unit can calculate the bandwidth parameters and/or MAC 
para meters taking into cons i deration predetermined connect i on paramet ers 
a nd/or transmiss i on parameters which reproduce the actual current 
characteristic of the air i nterface r 
Furth ermore, a circular buffer can be provided in the hub station in orde r-to 

tem porarily store bandwidth parameters of a number of cycles, in whic h 
arran gement the ar i thmet i c unit can then access the contents of the circ trtar 
btrffer i n order to achieve a predetermined regulation characteristic of the 
bandw i dth assign ment? 
The invention will now be exp l ained in greater deta i l with reference to exempla ry 
embod i ments and the accompanying figures of the drawings, in whic te} [BRIEF 
DESCRIPTION OF THE DRAWINGS] 
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Figure 1 shows a block diagram of an ATM transmission system according to the 
{ i nvention comprising two remote stat i ons and one hub stat i on,} [present invention;] 

Figure 2 shows a flowchart of the acquisition, calculation and assignment 
process according to the present invention^!;] and 

Figure 3 shows an {actua l } exemplary embodiment of a modulator and a 
demodulator {which can be used in} [according to] the present invention. 

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention will now be explained in greater detail with reference to 
exemplary embodiments and to the accompanying drawing figures of the 
drawings. 

The] {rirstly, the} general configuration of an ATM system according to the 
invention is {descr i bed with reference to f i gure} [shown in Figure] 1 . Figure 1 shows 
two remote stations 1 , 2 and one hub station 3 of an ATM (asynchronous transfer 
mode) transmission system. The remote stations can communicate with the hub station 
in each case via an air interface 4. {rigure 1 diagrammatica l ly shows that the} [The] 
remote stations can also communicate with the hub station in each case via a 
bidirectional control channel 13, 13* apart from the actual transmission channel 14, 14*. 
In contrast to the actual data transmission channels 14, 14*, the bidirectional control 
channel 13, 13* is used for transmitting control information which can containfrin 
particu l ar,} bandwidth parameters and MAC parameters {in the sense of the present 
i nvention} . 
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Each remote station 1 , 2 {exhib i ts} [has] a buffer 5 for data to be sent out 
[therefrom], which is connected to a modulator 6 which modulates the data of the 
buffer 5 to a carrier frequency in accordance with a predetermined modulation method. 
In this arrangement, a controller 7 which, on the one hand, can set the modulator 6 and 
the demodulator 8 to certain parameters and, on the other hand, can read certain 
parameters such as fill values of the buffer 5, in particular from buffer 5, is connected to 
the buffer 5, the modulator 6 and a demodulator 8. 

At the hub station 3, an arithmetic unit/controller 10 {which is} connected to the 
modulator 9 and the demodulator 1 1 {and} [,] which is also connected to a circular buffer 
12 in which values of bandwidth parameters of a number of calculation and assignment 
cycles can be temporarily stored {as will st il l be explained i n deta i l l ater, is of 
sign i ficance for the present invention apart from the modu l ator 9 and demodulator 1 1 
provided in the usual manner. 

I n the present case, it will now be described how a dynamic bandwidth a l location 
(bandwidth control) takes places in accordance with the present i nvention} .[ 

]Due to the network characteristic, the data needed for bandwidth control are 
initially [made] available [and] distributed in space, {namely} in the remote stations 1, 
2. After their local decentralized acquisition in the remote stations 1, 2 {, they are 
therefore} [. The data is] combined in a centralized decision entity which is resident in 
the hub station 3 due to the arithmetic unit/controller 10. 

A decisive factor for an ATM-conformal function is that suitable parameters for 
describing the buffer fills are {raised wh i ch} [needed. These parameters] will be called 



threshold crossing events* (TCE) {in the text which fo l lows (th i s is} [herein. The TCE 
parameters are] inseparably accompanied by a certain organization of the ATM 
trafficf)} and {that} values derived {precise l y} from these TCE parameters, which are 
called "urgency descriptors* (UD), are combined with the connection parameters 
agreed in the traffic contract and [with] the parameters which characterize the 
transmission performance of the radio link. The prerequisite for this is that the local 
buffer output at the remote stations 1 , 2 can be controlled and is deterministic in its 
behavior. Using suitable algorithms, values are derived on the basis of the 
abovementioned parameters, which characterize the allowed proportion of bandwidth in 
the uplink, i.e. from the respective remote station 1 , 2 to the hub station 3 {and wh i ch 
add i tionally} !. These basic values also] describe the manner in which the 
transmission medium can be accessed (MAC descriptor, MAC parameters{)}[, etc.)]. 
These basic values are conveyed from the central arithmetic unit/controller 10 in the 
hub station 3 to the locai control entities {(control l ers)} [controllers] 7 in the remote 
stations 1, 2 so that the necessary adjustments to the buffer management and to the 
modulators 6 can be carried out there. In this process, block retransmission requests 
are also taken into consideration which compensate for errors in the transmission of 
non-real-time data, and the overhead for special coding methods which are used for 
conveying real-time data as a function of the environmental conditions. 
Correspondingly, the demodulator 1 1 is then also set at the hub station 3. Since these 
adjustments must be made in alignment with one another in time, a certain sequence is 
ensured via the exchange of acknowledgements via the bidirectional control channel 
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13, 13*. These data are exchanged via permanent bidirectional control channels 13, 
13* between the remote stations 1 , 2 and the central hub station 3. 

Referring to {figure} [Figure] 2, the sequence {according to the invention , } for 
acquiring fill parameters, and of the calculation and assignment of bandwidth 
parameters will now be explained. Firstly, the threshold crossing events (TCEs) are 
acquired locally in the remote stations 1 , 2 in a step S1 . From these TCEs, {so-cal l ed} 
urgency descriptors (UD) are then determined in a step S2 and transmitted to the hub 
station 3. In a step S3, the hub station 3 calculates from these and other parameters 
bandwidth parameters for the logical channels (logical channel bandwidth values, LCB) 
and the MAC descriptors and transmits them back to the controllers 7 of the remote 
stations 1 , 2. When the newly assigned bandwidth (LCB) is smaller than the previously 
set bandwidth, new queue weight factors are set in the remote stations 1 , 2 in a step 
S4, which factors are a final result of the calculations and are indirectly used for setting 
the cell rates at the interface between buffer and modulator. In a step S5, the modulator 
is then set for a bandwidth release and a confirmation is transmitted to the hub station 3 
via the bidirectional control channel. {As confirmation, the} [The] hub station 3 then 
transmits a ready message for use of the new bandwidth parameters (LCB) back to the 
remote stations 1 , 2 in a step S6. In a step S7, the modulator 6 of a remote station is 
then set for a bandwidth occupation if the new bandwidth parameter for the 
corresponding remote station 1, 2 is greater than the old bandwidth parameter (LCB). 
The new queue weight factors (QWF) are then also set correspondingly (step S8). 
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{In summary, the following data are thus} [The data ]generated in the remote 
stations 1 , 2 [includes: threshold^ 



- Threshold} crossing events (TCE) {: These events} [which] indicate that a certain fill 
has been exceeded in the past period {. This fi l l can re l ate} [relating] to individual 
queues or a group of queues within a bufferf; urgency](: 

- Urgency} descriptors (UD) {: These} [which] are derived from the threshold crossing 
events (TCE) and the classes of traffic associated with the queues {. Thus, they 
represent} !, thereby representing] a condensation of information which is aimed for 
simple comparability!; and queue]{r 

- Queue} weight factors (QWF) {: They} [which] are the final results of calculations and 
are indirectly used for setting the cell rates at the interface between buffer 5 and 
modulator 6. 

[The following data are generated] In the hub station 3[: ] {, the following data 
are generated: 

- Connection parameters i n the sense of predeterm i ned} connection parameters as part 
of a so-called traffic contract, the observance of which must be ensured in every casef: 
When} [, such that when] a connection is newly set up, these can produce an 
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additional bandwidth request which can make it necessary to displace lower-value 
traffic of adjacent remote stations[; logical]{r 



- Logical} channel bandwidth values {: These} [which] describe the bandwidth granted 
to a connection from a remote station 1 , 2 to the hub station 3 {. To} [, which in order 
to] achieve a certain regulation characteristic, these values are saved over a number of 
cycles in a circular buffer 12 which can be accessed by the arithmetic unit/controller 10 
of the hub station 3[; environmental]^ 

- Environmental} condition descriptors {: These} [which] describe the current actual 
transmission characteristic of the air interface 4 {. The} [, and the] error protection 
methods selected as a function of this have an influence on the bandwidth neededf; 
configuration]^ 

- Configuration} data, for example *encryption over the air* {. They} [, which] can have 
an influence on the bandwidth needed[; and weight]^ 

- Weight} factors derived from charging strategies for determining the bandwidth 
parameter values for the logical channels. 

Figure {3} [3A] shows an actual implementation of a modulator and a 
demodulator which can be used in the present invention. The design shown in {figure 3} 
[Figure 3A] can be used in various switch configurations and with 
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modulators/demodulators which may be different and both in the remote station as in 
the hub station. A mixed F DM A/TDM A method, for example, is of advantage as radio 
transmission technique for the air interface 4. 

The arrangement can be implemented on the surface of two boards equipped on 
one side or one board equipped on both sides. For the purpose of integration in the 
ATM switch 36140/144 shown, a connection to the backplane busses (cell bus 
technology) is provided additionally on the modulator side (MOD) in addition to coupling 
the local power supply unit (PSU) to the centralized power supply of the switches. For 
this purpose, so-called FPGAs and the CUBIT-Pro components by the Transwitch 
company are used which are here collectively called *bus interface to cell bus and 
control bus*. The cell buffer for the non-real-time traffic or the ATM traffic to be shaped 
is constructed with SDRAMs. The rule-based buffer management is carried out with the 
aid of the Siemens HL standard component ABM (PXB 4330) which is controlled 
centrally via its local bus connection. This component additionally has a direct interface 
(Utopia) with the modulator/demodulator unit and the bus interface to the cell bus for 
the ATM user traffic. {Thus} [However], in real life {t i me} ATM user traffic can be 
forwarded between these interfaces directly via an internal bypass, i.e. by bypassing 
the buffer[, as shown in Figure 3B]. Because of its high power dissipation, the 
modulator/demodulator unit is taken into consideration under special requirements for 
the EMC compatibility, particularly in configuration technology. It is centrally controlled 
via a logical control interface. To control the components involved and the ATM traffic, 
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the so-called voyager processor by the Motorola company is used which is connected 
to the components via its standard interfaces (Utopia, local bus, serial interface). 

{According} [Thus, according] to the present invention, {a method which can be 
used in practice is thus demonstrated by means of which} the bandwidth at the air 
interface is dynamically assigned on the basis of connection parameters, current buffer 
fills, the transmission characteristics of the air interface and charging strategies, in such 
a manner that the transmission volume of ATM-conformal traffic in the uplink of wireless 
point-to-multipoint configurations is optimized, taking into consideration these and other 
boundary conditions. Following the ATM layer model, this can be considered to be 
motivated as a control of characteristics of the physical layer from the ATM layer. 

{Patent c l aims 

1. A method for dynamic bandwidth assignment in an ATM transmiss i on system which 
exhibits a hub station (3) and at l east one remote station (1, 2) wh i ch can communicate 
with the hub station (3), exh i biting the fo ll owing steps: 

- loca l acquisition of f i l l data which reproduce states of buffers (5) i n the remote stations 

- forwarding of the f ill data to the hub stat i on (3), 

- central ca l culat i on (10) of bandwidth parameters in each for the remote stations (1, 2) 
in the hub stat i on (3) as a function of at l east the f il l data, and 

- assignment of the calculated bandwidth parameters to the remote stat i ons (1, 2) for a 
transm i ssion from the corresponding remote stat i on (1, 2) to the hub station (3): 
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2. The method as claimed in claim 1 , characterized in that the hub station (3) 
additiona ll y calcu l ates MAC parameters and assigns them to the remote stations (1, 2). 

3. The method as claimed in one of the preceding claims, characterized in that the 
bandwidth parameters and/or MAC parameters are ca l culated (10) taking into 
cons i deration predetermined connect i on parameters and/or transmission parameters 
which reproduce the actua l current character i stic of the air interface (4). 

4. The method as claimed in one of the preceding c l aims, characterized in that the fill 
data prov i de information on the frequency with which a predetermined fill of the buffer 
(5) of the correspond i ng remote station (1, 2) has been exceeded within a past period. 

5. The method as claimed in one of the preced i ng cla i ms, character i zed in that the 
calculated bandwidth parameters are temporarily stored (12) for a number of cycles in 
order to achieve a predetermined regulat i on characteristic. 

6. An ATM transmission system exhibiting a hub station (3) and at least one remote 
station (1, 2) wh i ch can commun i cate with the hub station (3) via an air interface (4), in 
which 

- each remote station (1 , 2) exhibits a buffer (5) for data to be sent out, 

- each remote station (1 , 2) conveys fil l data, which reproduce the state of the buffer (5) 
of the respective remote station (1, 2), to the hub station (3) via a control channel (13), 

- the hub station (3) exhibits an ar i thmetic unit (10) which calculates bandwidth 
parameters in each case for the individual remote stations (1, 2) at least as a function of 
the transmitted fill data, and 

- the hub station (3) assigns the bandwidth parameters to the ind i vidual remote stations 
(1 , 2) via the control channel (1 3*). 
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7. The ATM transmiss i on system as c l aimed in claim 6, characterized in that the 
arithmetic unit (10) in the hub station (3) additiona l ly calculates MAC parameters and 
the hub stat i on (3) assigns these to the remote stations (1 , 2). 

8. The ATM transm i ssion system as claimed i n one of claims 6 or 7, characterized in 
that the ar i thmetic unit (10) calculates the bandw i dth parameters and/or MAC 
parameters taking into consideration predetermined connection parameters and/or 
transmission parameters which reproduce the actua l current characteristic of the a i r 
i nterface (4). 

9. The ATM transm i ssion system as claimed in one of claims 6 to 8, characterized in 
that the fill data prov i de informat i on on the frequency w i th wh i ch a predetermined fil l of 
the corresponding buffer (5) has been exceeded with i n a past period. 

10. The ATM transmission system as claimed in one of claims 6 to 9, characterized in 
that i n the hub station (3), a circular buffer (12) for the temporary storage of bandwidth 
parameters of a number of cycles is prov i ded which is accessed by the arithmetic unit 
(10) in order to ach i eve a predetermined regulation characteristic of the bandwidth 
assignment- 
Abstract 

Dynamic bandwidth assignment i n an ATM transm i ss i on system 

According to the present invention, a method and an ATM (asynchronous transfer 
mode) system are provided by means of which bandwidth is dynam i cally assigned on 
the air interface on the basis of connection parameters, current buffer fills of remote 
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stations (1, 2), the transmiss i on characterist i cs of the rad i o l ink and charging strategies, 
in such a manner that the transmission volume of ATM-conformal traff i c i n the upl i nk of 
wireless point-to-multipo i nt configurations is optim i zed taking into cons i deration these 
and other boundary condit i ons- 
According to the invention, a hub station (3) and at least one remote station (1, 2), 
which can communicate with the hub station (3) via an air interface 4 are provided for 
this purpose. Each remote stat i on (1 , 2) exhibits a buffer (5) for data to be sent out. 
Each remote station (1,2) conveys fil l data, which reproduce the state of the buffer (5) 
of the respective remote stat i on (1, 2), to the hub station (3) via a control channel 13. 
The hub station (3) exhibits an arithmetic unit (10) which calculates bandwidth 
parameters in each case for the indiv i dual remote stat i on (1 , 2) at least as a function of 
the conveyed fill data. The hub station (3) then assigns the bandw i dth parameters to 
the ind i vidual remote stations (1 , 2) v i a the control channel 13*. 



(figure 1) 
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the physical l y l im i ted bandwidths will be utilized for communication purposes. 
The conditions under wh i ch the problem of dynamic bandwidth allocation is created 
have become apparent in recent times. The prerequ i site for achieving the h i ghest 
possible gain i n throughput are, among other things, a mixture of various classes of 
traffic and the largest possible ratio between remote stations and hub stations referred 
to the physical bandwidth per cell. Trom the point of view of the operator, a charging 
structure which is predominantly oriented toward the data volume actually conveyed 
instead of the bandw i dth made ava i lable permanently must prove to be competitive. In 
summary, these conditions wou l d be met by introducing ATM-based transm i ssion in the 
so-called *fixed wireless broadband access* segment. With respect to the wireless 
domain, ATM profits particularly from the physically insurmountab l e bandw i dth limitation 
on the air interface, which can only be countered by reducing the size of the rad i o cells, 
in contrast to a l ternative transm i ss i on technologies and other network areas, 
[""rom PCT patent applicat i on WO 97/35410, a method for the dynamic bandwidth 
ass i gnment in an ATM transmission system is known. This exhibits a hub station and at 
least one remote station wh i ch can communicate with the hub station. 
The present invention has the object of solving the problem of how the total throughput 
of ATM traffic can be optimized i n a simp l e manner by means of a dynamic bandwidth 
al l ocation for the logical channe l s. 

This problem exists, in particular, i n the upl i nk, an espec i ally probable bottleneck at the 
central hub station in the point-to-multipo i nt conf i gurat i on. According to the present 
invention, the object i s achieved by a method or, respectively, an ATM transmission 
system hav i ng the features of the independent cla i ms. The dependent c l aims 
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New patent claim 1 



A method for dynamic bandwidth assignment i n an ATM transm i ssion system which 
exhibits a hub station (3) and at least 1 remote station (1, 2) which can communicate 
with the hub station (3), characterized in that a loca l acquis i tion of fill data which 
reproduce states of buffers (5) in the remote stat i ons (1 , 2), is carr i ed out, in that the fill 
data are forwarded to the hub station (3), in that a central calculat i on (10) of bandwidth 
parameters i s carried out i n each case for the remote stations (1 , 2) i n the hub station 
(3) as a function of at least the fill data and i n that an ass i gnment of the calculated 
bandwidth parameters to the remote station (1 , 2) for a transmiss i on from the 
corresponding remote station (1 , 2) to the hub station (3) is carried out. 
4/4 



2/4 
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4/4} [Therefore, the ATM transmission system, comprising a hub station and at 
least one remote station, can communicate with the hub station via an air 
interface. In this arrangement, fill data which reproduce states of buffers in the 
remote stations are acquired locally in the remote stations. The fill data are 
forwarded to the hub station. In the hub station, bandwidth parameters are 
centrally calculated in each case for the individual remote stations as a function 
of at least the fill data. After that, the calculated bandwidth parameters are 
assigned to the remote stations for a transmission from the corresponding 
remote station to the hub station (uplink). Each remote station can convey fill 
data, which reproduce the state of the corresponding buffer of the respective 
remote station, to the hub station via a control channel. The arithmetic unit 
located in the hub station calculates bandwidth parameters in each case for the 
individual remote stations at least as a function of the conveyed fill data. The hub 
station then assigns the bandwidth parameters to the remote stations via the 
control channel. 

The arithmetic unit can also calculate media access control (MAC) 
parameters, the hub station also assigning the MAC parameters to the remote 
stations in this case. 
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In addition, the arithmetic unit can calculate bandwidth parameters and/or 
MAC parameters based upon predetermined connection parameters and/or 
transmission parameters which reproduce the actual current characteristic of the 
air interface. The bandwidth parameters and/or MAC parameters can be 
calculated taking into consideration predetermined connection parameters and/or 
transmission parameters which reproduce the actual current characteristic of the 
air interface. 

Although modifications and changes may be suggested by those skilled in 
the art to which this invention pertains, it is the intention of the inventors to 
embody within the patent warranted hereon all changes and modifications that 
may reasonably and properly come within the scope of this invention.- -] 
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Description 

Dynamic bandwidth a ssignment in an ATM transmission 
system ~* ~ ' 

5 " 

The present invention relates to a method and to 
an ATM transmission system which provide for dynamic 
bandwidth assignment between a hub station and at least 
one remote station of an ATM transmission system. 

10 For certain applications in wireless transmission 

technology, point-to-multipoint configurations are the 
most economic solution from the point of view of 
equipment. In this configuration, a hub station can 
communicate with a number of so-called remote stations, 

15 typically situated in a cell, in full duplex mode via an 
air interface. In this arrangement, a two-point channel 
on a single transmission medium is adequate even in the 
uplink, i.e. from the various remote stations to the hub 
station. The transmission bandwidth of this channel is 

20 physically limited in correlation with the frequency 

spectrum provided. A number of logical channels which are 
in each case available dedicated for the communication 
between a certain remote station and the central hub 
station are set up by multiplexing this two-point 

25 channel. 

The total bandwidth of the physical channel can 
be distributed asymmetrically and, in accordance with 
demand aspects, dynamically to the logical channels by 
means of so-called asynchronous methods (ATM - 
30 asynchronous transfer mode) . For this distribution, 
criteria must be used in accordance with which the 
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bandwidth requirement of a certain remote station can be 
weighted with respect to the competing requirement of 
5 other remote stations. The more accurately the bandwidth 

requirement found in this manner can be met, the more 
economically the physically limited bandwidth will be 
utilized for communication purposes. 

The conditions under which the problem of 

10 dynamic bandwidth allocation is created have become 

apparent in recent times. The prerequisite for achieving 
the highest possible gain in throughput are, among other 
things, a mixture of various classes of traffic and the 
largest possible ratio between remote stations and hub 

15 stations referred to the physical bandwidth per cell. 

From the point of view of the operator, a charging 
structure which is predominantly oriented toward the data 
volume actually conveyed instead of the bandwidth made 
available permanently must prove to be competitive. In 

20 summary, these conditions would be met by introducing 

ATM-based transmission in the so-called "fixed wireless 
broadband access" segment. With respect to the wireless 
domain, ATM profits particularly from the physically 
insurmountable bandwidth limitation on the air interface, 

25 which can only be countered by reducing the size of the 

radio cells, in contrast to alternative transmission 
technologies and other network areas . 

From PCT patent application WO 97/35410, a 
method for the dynamic bandwidth assignment in an ATM 

30 transmission system is known. This exhibits a hub station 

and at least one remote station which can communicate 
with the hub station. 

The present invention has the object of solving 
the problem of how the total throughput of ATM traffic 

35 can be optimized in a simple manner by means of a dynamic 

bandwidth allocation for the logical channels. 

This problem exists, in particular, in the 
uplink, an especially probable bottleneck at the central 
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hub station in the point-to-multipoint configuration. 

According to the present invention, the object is 
achieved by a method or, respectively, an ATM 
transmission system having the features of the 
5 independent claims. The dependent claims develop the 
central concept of the invention in a particularly 
advantageous manner. 

According to the invention, therefore, a method 
for dynamic bandwidth assignment in an ATM transmission 

10 system is provided, the ATM transmission system 

exhibiting a hub station and at least one remote station 
which can communicate with the hub station via an air 
interface. In this arrangement, fill data which reproduce 
states of buffers in the remote stations are acquired 

15 locally in the remote stations. The fill data are 
forwarded to the hub station. In the hub station, 
bandwidth parameters are centrally calculated in each 
case for the individual remote stations as a function of 
at least the fill data. After that, the calculated 

2 0 bandwidth parameters are assigned to the remote stations 
for a transmission from the corresponding remote station 
to the hub station (uplink) . 

The hub station can also calculate media access 
control (MAC) parameters and assign them to the 

25 individual remote stations. 

The bandwidth parameters and/or MAC parameters 
can be calculated taking into consideration predetermined 
connection parameters and/or transmission parameters 
which reproduce the actual current characteristic of the 

30 air interface. 
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The fill data can reproduce the frequency with 
which a predetermined fill of the corresponding buffer 
has been exceeded via a remote station within a past 
period. 

5 The calculated bandwidth parameters can be 

temporarily stored for a number of cycles in order to be 
able to achieve a predetermined regulation 
characteristic . 

According to the invention, an ATM transmission 

10 system comprising a hub station and at least one remote 

station which can communicate with the hub station via an 
air interface is also provided. In this arrangement, each 
remote station exhibits a buffer for data to be sent out. 
Each remote station can convey fill data, which reproduce 

15 the state of the corresponding buffer of the respective 
remote station, to the hub station via a control channel. 
The hub station exhibits an arithmetic unit which 
calculates bandwidth parameters in each case for the 
individual remote stations at least as a function of the 

2 0 conveyed fill data. The hub station then assigns the 
bandwidth parameters to the remote stations via the 
control channel . 

The arithmetic unit in the hub station can 
additionally calculate media access control (MAC) 

2 5 parameters, the hub station also assigning the MAC 

parameters to the remote stations in this case. 

The arithmetic unit can calculate the bandwidth 
parameters and/or MAC parameters taking into 
consideration predetermined connection parameters and/or 

3 0 transmission parameters which reproduce the actual 

current characteristic of the air interface. 
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Furthermore, a circular buffer can be provided in 
the hub station in order to temporarily store bandwidth 
parameters of a number of cycles, in which arrangement 
the arithmetic unit can then access the contents of the 
circular buffer in order to achieve a predetermined 
regulation characteristic of the bandwidth assignment. 

The invention will now be explained in greater 
detail with reference to exemplary embodiments and the 
accompanying figures of the drawings, in which: 

Figure _l___shows a block diagram of an ATM 
transmission system according to the invention 
comprising two remote stations and one hub station, 

Figure_2^.shows a flowchart of the acquisition, 
calculation and assignment process according to the 
present invention, and 

Figure _3_shows an actual exemplary embodiment of a 
modulator and a demodulator which can be used in the 
present invention. 

Firstly, the general configuration of an ATM 
system according to the invention is described with 
reference to figure 1. Figure 1 shows two remote stations 
1,2 and one hub station 3 of an ATM (asynchronous 
transfer mode) transmission system. The remote stations 
can communicate with the hub station in each case via an 
air interface 4. Figure 1 diagrammatically shows that the 
remote stations can also communicate with the hub station 
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in each case via a bidirectional control channel 13, 13' 
apart from the actual transmission channel 14, 14'. in 
contrast to the actual data transmission channels 14, 
14', the bidirectional control channel 13, 13' is used 
5 for transmitting control information which can contain, 
in particular, bandwidth parameters and MAC parameters in 
the sense of the present invention. 

Each remote station 1, 2 exhibits a buffer 5 for 
data to be sent out, which is connected to a modulator 6 

10 which modulates the data of the buffer 5 to a carrier 
frequency in accordance with a predetermined modulation 
method. In this arrangement, a controller 7 which, on the 
one hand, can set the modulator 6 and the demodulator 8 
to certain parameters and, on the other hand, can read 

15 certain parameters such as fill values of the buffer 5, 
in particular from buffer 5, is connected to the buffer 
5, the modulator 6 and a demodulator 8. 

At the hub station 3, an arithmetic 
unit/controller 10 which is connected to the modulator 9 

2 0 and the demodulator 11 and which is also connected to a 
circular buffer 12 in which values of bandwidth 
parameters of a number of calculation and assignment 
cycles can be temporarily stored as will still be 
explained in detail later, is of significance for the 

2 5 present invention apart from the modulator 9 and 
demodulator 11 provided in the usual manner. 

In the present case, it will now be described how 
a dynamic bandwidth allocation (bandwidth control) takes 
places in accordance with the present invention. 

30 Due to the network characteristic, the data needed for 

bandwidth control are initially available distributed in 



GR 98 P 1928 



space, namely in the remote stations 1, 2. After their 
local decentralized acquisition in the remote stations 1, 
2, they are therefore combined in a centralized decision 
entity which is resident in the hub station 3 due to the 
5 arithmetic unit/controller 10 . 

A decisive factor for an ATM-conf ormal function 
is that suitable parameters for describing the buffer 
fills are raised which will be called "threshold crossing 
events" (TCE) in the text which follows (this is 

10 inseparably accompanied by a certain organization of the 
ATM traffic) and that values derived precisely from these 
TCE parameters, which are called "urgency descriptors" 
(UD) , are combined with the connection parameters agreed 
in the traffic contract and the parameters which 

15 characterize the transmission performance of the radio 
link. The prerequisite for this is that the local buffer 
output at the remote stations 1, 2 can be controlled and 
is deterministic in its behavior. Using suitable 
algorithms, values are derived on the basis of the 

2 0 abovementioned parameters, which characterize the allowed 
proportion of bandwidth in the uplink, i.e. from the 
respective remote station 1, 2 to the hub station 3 and 
which additionally describe the manner in which the 
transmission medium can be accessed (MAC descriptor, MAC 

25 parameters) . These basic values are conveyed from the 

central arithmetic unit /controller 10 in the hub station 
3 to the local control entities (controllers) 7 in the 
remote stations 1, 2 so that the necessary adjustments to 
the buffer management and to the modulators 6 can be 

30 carried out there. In this process, block retransmission 
requests are also taken into consideration which 
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compensate for errors in the transmission of 
non-real-time data, and the overhead for special coding 
methods which are used for conveying real-time data as a 
function of the environmental conditions. 
5 Correspondingly, the demodulator 11 is then also set at 
the hub station 3. Since these adjustments must be made 
in alignment with one another in time, a certain sequence 
is ensured via the exchange of acknowledgements via the 
bidirectional control channel 13, 13'. These data are 

10 exchanged via permanent bidirectional control channels 
13, 13' between the remote stations 1, 2 and the central 
hub station 3 . 

Referring to figure 2, the sequence according to 
the invention, for acquiring fill parameters, and of the 

15 calculation and assignment of bandwidth parameters will 
now be explained. Firstly, the threshold crossing events 
(TCEs) are acquired locally in the remote stations 1, 2 
in a step SI. From these TCEs, so-called urgency 
descriptors (UD) are then determined in a step S2 and 

20 transmitted to the hub station 3. In a step S3, the hub 
station 3 calculates from these and other parameters 
bandwidth parameters for the logical channels (logical 
channel bandwidth values, LCB) and the MAC descriptors 
and transmits them back to the controllers 7 of the 

25 remote stations 1, 2. When the newly assigned bandwidth 
(LCB) is smaller than the previously set bandwidth, new 
queue weight factors are set in the remote stations 1, 2 
in a step S4, which factors are a final result of the 
calculations and are indirectly used for setting the cell 

3 0 rates at the interface between buffer and modulator. In a 
step S5, the modulator is then set for a bandwidth 
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release and a confirmation is transmitted to the hub 
station 3 via the bidirectional control channel . As 
confirmation, the hub station 3 then transmits a ready 
message for use of the new bandwidth parameters (LCB) 
5 back to the remote stations 1, 2 in a step S6. In a step 
S7, the modulator 6 of a remote station is then set for a 
bandwidth occupation if the new bandwidth parameter for 
the corresponding remote station 1, 2 is greater than the 
old bandwidth parameter (LCB) . The new queue weight 
10 factors (QWF) are then also set correspondingly (step 
S8) . 

In summary, the following data are thus generated 
in the remote stations 1, 2: 



15 - Threshold crossing events (TCE) : These events 

indicate that a certain fill has been exceeded in 
the past period. This fill can relate to 
individual queues or a group of queues within a 
buffer. 

20 

Urgency descriptors (UD) : These are derived from 
the threshold crossing events (TCE) and the 
classes of traffic associated with the queues. 
Thus, they represent a condensation of 
25 information which is aimed for simple 

comparability. 



Queue weight factors (QWF) :• They are the final 
results of calculations and are indirectly used 
3 0 for setting the cell rates at the interface 

between buffer 5 and modulator 6 . 
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In the hub station 3, the following data are 
generated: 

Connection parameters in the sense of 
predetermined connection parameters as part of a 
so-called traffic contract, the observance of 
which must be ensured in every case. When a 
connection is newly set up, these can produce an 
additional bandwidth request which can make it 
necessary to displace lower-value traffic of 
adjacent remote stations. 

- Logical channel bandwidth values: These describe 
the bandwidth granted to a connection from a 
remote station 1, 2 to the hub station 3. To 
achieve a certain regulation characteristic, 
these values are saved over a number of cycles in 
a circular buffer 12 which can be accessed by the 
arithmetic unit/controller 10 of the hub station 
3 . 

Environmental condition descriptors : These 
describe the current actual transmission 
characteristic of the air interface 4 . The error 
protection methods selected as a function of this 
have an influence on the bandwidth needed. 

Configuration data, for example "encryption over 
the air" . They can have an influence on the 
bandwidth needed. 
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Weight factors derived from charging strategies 
for determining the bandwidth parameter values 
for the logical channels . 



5 Figure 3 shows an actual implementation of a 

modulator and a demodulator which can be used in the 
present invention. The design shown in figure 3 can be 
used in various switch configurations and with 
modulators/demodulators which may be different and both 

10 in the remote station as in the hub station. A mixed 

FDMA/TDMA method, for example, is of advantage as radio 
transmission technique for the air interface 4. 

The arrangement can be implemented on the surface 
of two boards equipped on one side or one board equipped 

15 on both sides. For the purpose of integration in the ATM 
switch 3 614 0/144 shown, a connection to the backplane 
busses (cell bus technology) is provided additionally on 
the modulator side (MOD) in addition to coupling the 
local power supply unit (PSU) to the centralized power 

20 supply of the switches. For this purpose, so-called FPGAs 
and the CUBIT- Pro components by the Transwitch company 
are used which are here collectively called "bus 
interface to cell bus and control bus". The cell buffer 
for the non-real-time traffic or the ATM traffic to be 

25 shaped is constructed with SDRAMs. The rule-based buffer 
management is carried out with the aid of the Siemens HL 
standard component ABM (PXB 4330) which is controlled 
centrally via its local bus connection. This component 
additionally has a direct interface (Utopia) with the 

3 0 modulator/demodulator unit and the bus interface to the 
cell bus for the ATM user traffic. Thus, in real life 
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time ATM user traffic can be forwarded between these 
interfaces directly via an internal bypass, i.e. by 
bypassing the buffer. Because of its high power 
dissipation, the modulator/demodulator unit is taken into 
5 consideration under special requirements for the EMC 

compatibility, particularly in configuration technology. 
It is centrally controlled via a logical control 
interface. To control the components involved and the ATM 
traffic, the so-called voyager processor by the Motorola 
10 company is used which is connected to the components via 
its standard interfaces (Utopia, local bus, serial 
interface) . 

According to the present invention, a method 
which can be used in practice is thus demonstrated by 

15 means of which the bandwidth at the air interface is 
dynamically assigned on the basis of connection 
parameters, current buffer fills, the transmission 
characteristics of the air interface and charging 
strategies, in such a manner that the transmission volume 

2 0 of ATM-conformal traffic in the uplink of wireless point - 
to-multipoint configurations is optimized, taking into 
consideration these and other boundary conditions. 
Following the ATM layer model, this can be considered to 
be motivated as a control of characteristics of the 

25 physical layer from the ATM layer. 
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Patent Claims 

1 . A method for dynamic bandwidth assignment in an ATM 
transmission system which exhibits a hub station (3) and 
at least 1 remote station (1, 2) which can communicate 
with the hub station (3) , characterized in that a local 
acquisition of fill data which reproduce states of 
buffers (5) in the remote stations (1, 2) , is carried 
out, in that the fill data are forwarded to the hub 
station (3) , in that a central calculation (10) of 
bandwidth parameters is carried out in each case for the 
remote stations (1, 2) in the hub station (3) as a 
function of at least the fill data and in that an 
assignment of the calculated bandwidth parameters to the 
remote station (1, 2) for a transmission from the 
corresponding remote station (1, 2) to the hub station 
(3) is carried out. 

2. The method as claimed in claim 1, characterized 
in that the hub station (3) additionally calculates MAC 
parameters and assigns them to the remote stations (1, 

2) . 

3 • The method as claimed in one of the preceding 

claims, characterized in that the bandwidth parameters 
and/or MAC parameters are calculated {10) taking into 
consideration predetermined connection parameters and/or 
transmission parameters which reproduce the actual 
current characteristic of the air interface (4) . 
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4. The method as claimed in one of the preceding 
claims, characterized in that the fill data provide 
information on the frequency with which a predetermined 
fill of the buffer (5) of the corresponding remote 

5 station (1, 2) has been exceeded within a past period. 

5. The method as claimed in one of the preceding 
claims, characterized in that the calculated bandwidth 
parameters are temporarily stored (12) for a number of 
cycles in order to achieve a predetermined regulation 

10 characteristic. 

6 . An ATM transmission system exhibiting a hub 
station (3) and at least one remote station (1, 2) which 
can communicate with the hub station (3) via an air 
interface (4) , in which 

15 - each remote station (1, 2) exhibits a buffer (5) for 
data to be sent out, 

each remote station (1, 2) conveys fill data, which 
reproduce the state of the buffer (5) of the respective 
remote station (1, 2), to the hub station (3) via a 

2 0 control channel (13) , 

the hub station (3) exhibits an arithmetic unit (10) 
which calculates bandwidth parameters in each case for 
the individual remote stations (1, 2) at least as a 
function of the transmitted fill data, and 

25 - the hub station (3) assigns the bandwidth parameters 
to the individual remote stations (1, 2) via the control 
channel (13 1 ) . 
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7. The ATM transmission system as claimed in 
claim 6, characterized in that the arithmetic unit (10) 
in the hub station (3) additionally calculates MAC 
parameters and the hub station (3) assigns these to the 

5 remote stations (1, 2) . 

8. The ATM transmission system as claimed in one of 
claims 6 or 7, characterized in that the arithmetic unit 
(10) calculates the bandwidth parameters and/or MAC 
parameters taking into consideration predetermined 

10 connection parameters and/or transmission parameters 

which reproduce the actual current characteristic of the 
air interface (4) . 

9. The ATM transmission system as claimed in one of 
claims 6 to 8, characterized in that the fill data 

15 provide information on the frequency with which a 

predetermined fill of the corresponding buffer (5) has 
been exceeded within a past period. 

10. The ATM transmission system as claimed in one of 
claims 6 to 9, characterized in that in the hub station 

2 0 (3) , a circular buffer (12) for the temporary storage of 
bandwidth parameters of a number of cycles is provided 
which is accessed by the arithmetic unit (10) in order to 
achieve a predetermined regulation characteristic of the 
bandwidth assignment . 



25 
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Abstract 

Dynamic bandwidth assignment in an ATM transmission 
system 

According to the present invention, a method and 
5 an ATM (asynchronous transfer mode) system are provided 
by means of which bandwidth is dynamically assigned on 
the air interface on the basis of connection parameters, 
current buffer fills of remote stations (1, 2) , the 
transmission characteristics of the radio link and 

10 charging strategies, in such a manner that the 

transmission volume of ATM-conf ormal traffic in the 
uplink of wireless point -to-multipoint configurations is 
optimized taking into consideration these and other 
boundary conditions. 

15 According to the invention, a hub station (3) and 

at least one remote stat ion (1, 2) , which can communicate 
with the hub station (3) via an air interface 4 are 
provided for this purpose. Each remote station (1, 2) 
exhibits a buffer (5) for data to be sent out. Each 

2 0 remote station (1, 2) conveys fill data, which reproduce 

the state of the buffer (5) of the respective remote 
station (1, 2) , to the hub station (3) via a control 
channel 13. The hub station (3) exhibits an arithmetic 
unit (10) which calculates bandwidth parameters in each 
25 case for the individual remote station (1, 2) at least as 
a function of the conveyed fill data. The hub station (3) 
then assigns the bandwidth parameters to the individual 
remote stations (1, 2) via the control channel 13'. 

3 0 (Figure 1) 
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